Supporting Material

Material and Methods:
Cardiomyocytes Isolation and Culture. Sprague-Dawley rats were euthanized with a single lethal dose of sodium pentobarbital as approved by the University of Maryland Baltimore Institutional Animal Care and Use Committee. The thoracic cavity was opened and the heart was removed. Cardiomyocytes were isolated using a Langendorff perfusion apparatus as previously described (1) . For tissue culture and adenoviral transfection, cells were suspended in M199 culture media supplemented with penicillin streptomycin and ITS (Sigma) then plated at 6.5 X 10 5 cells/cm 2 density on a 25 mm coverglass coated with laminin (Sigma). Medium was replaced 1 hour after plating with fresh medium containing the adenovirus inducing the expression of MityCam (MOI of 500). Cells were then kept in a 5% CO2 incubator for 48 h before experimentation.
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Permeabilization Protocol. Saponin (0.01%) was applied in the relaxing solution for 5 s then rinsed off with internal solution supplemented with 25 µM cytochalasin. The relaxing solution for permeabilization experiments contained (in mM): 100 K-aspartate, 20 KCl, 3 MgATP, 0.5 MgCl2, 0.5 EGTA, 10 phosphocreatine, 20 HEPES, 5 U/mL creatine phosphokinase, at pH 7.2. The internal solution is a relaxing solution supplemented with 1.5% PVPF and 25 µM cytochalasin-D (to prevent contraction).
Patch-Clamp Electrophysiology. Voltage clamp stimulation of cells was done using an Axopatch 200B amplifier and acquired using pClamp 10.2 software. Cells were superfused throughout experiments with a normal Tyrode's (NT) solution containing (in mM): 5 KCl, 5 HEPES, 5.5 glucose, 0.5 MgCl2, 140 NaCl, 0.33 NaH2PO4, and 1.8 CaCl2, adjusted to pH 7.4 with NaOH. Borosilicate patch pipettes with resistances of 2-4 MΩ were filled with a solution containing (in mM): 130 CsCl, 0.5 MgCl2, 10 HEPES, 5 MgATP, and 10 TEACl adjusted to pH 7.2 with CsOH. For Ca 2+ measurement experiments, 60 µM Fluo-4 pentapotassium salt (Fluo-4 K) was added to the pipette solution. Voltage pulses were obtained by subjecting cells to a series of 100-ms depolarizing pulses from the holding potential of −80 mV to test potentials. For the experiments shown in Figure S7 the patch pipettes a solution contained (in mM): 20 KCl , 100 K aspartate, 20 tetraethylammonium chloride (TEA-Cl), 10 HEPES, 4.5 MgCl2 , 4 disodium ATP, 1 disodiumcreatinephosphate, Rhod-2, 0.05 Tripotassium Salt, pH 7.2 with KOH. observed and a line was drawn across its widest dimension. [Ca 2+ ] transients were evoked electrically (see Patch-Clamp Electrophysiology above) and measured along the drawn line using the line scan mode of the Zeiss of the LSM 510. Ca 2+ sparks were measured similarly, albeit without electrical stimulation of the cardiomyocyte. Fluo-4 and DCF fluorescence were excited with the 488 nm emission of an Argon laser, and collected at a 505-530 bandpass. TMRM fluorescence was excited with the 543 nm emission of a HeNe laser, and collected at a 560 long pass. Selective mitochondrial depolarization was achieved by repetitive illumination of a cell region at specified frequency (see Fig. S1 ) until abrupt loss of TMRM fluorescence. All experiments were done at room temperature in normal Tyrode's solution.
Mathematical Modeling. Computational simulations shown in Fig. 6 were obtained using slight modifications to previously published mathematical models (2-4). More information regarding the mathematical analysis behind Fig. 6A can be found in (5) . The Ca 2+ spark simulations (Fig.  6B ) and [Ca 2+ ]i transient (Fig. 6C ) simulations utilized the same mitochondrial Ca 2+ uniporter (MCU) and mitochondrial Na + /Ca 2+ exchanger (NCLX) fluxes (see (5, 6) (5) and Jnclx is the Ca 2+ flux out the mitochondria via the mitochondrial Na + /Ca 2+ exchanger (NCLX) and is taken from (6) and the formulation for the other fluxes (Jdye, Jbuffers, Jpump, Jleak, and Jn) can be found in (2) . A the center of this spatial simulation the individual RyR2s are allowed to gate stochastically according to gating dynamics described in (3 (5) and Jnclx is the Ca 2+ flux out the mitochondria via the mitochondrial Na + /Ca 2+ exchanger (NCLX) and is taken from (6) where βm is the mitochondrial buffering fraction λm is the mitochondrial to cytosolic volume fraction (see (6) ). Other than these additions, the model parameters used in Fig. 6C are unchanged from (3).
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Existing measurements of mitochondrial Ca 2+ uptake. Table S1 shows commonly used pharmacological approaches to prevent mitochondrial Ca 2+ uptake. Application of each of the listed chemicals caused dramatic changes in the measured [Ca 2+ ]i signals, which lead to conceptualizing the mitochondria as a vast dynamic buffer of [Ca 2+ ]i . The consistency of these effects across numerous cell types have lead to the prevailing view that in fact this is a ubiquitous biological feature of mitochondria (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) , and it is also true in heart during normal physiological conditions (46) (47) (48) (49) (50) (51) (52) (53) . However, this point of view is by no means universal, and other investigations by (54) (55) (56) (57) have reported modest mitochondrial Ca 2+ fluxes, including a recent quantitative analysis of past studies (5) which concluded that mitochondrial Ca 2+ fluxes in excitable cells are unlikely to alter [Ca 2+ ]i. This was the driving motivation for the work presented here. Table S1 . Diverse pharmacological approaches to prevent mitochondrial mitochondrial Ca 2+ uptake. The pharmacological strategies: 1) Proton ionophores to degrade ∆Ψm; carbonyl c y a n i d e m -c h l o r o p h e n y l -h y d r a z o n e ( C C C P ) , C a r b o n y l c y a n i d e 4 - 
Figure S2.
Effect of photon stress dependent mitochondrial depolarization on oxygen consumption. (A)
Simultaneous measurement of ∆Ψmito and the rate of oxygen consumption. TMRM fluorescence (red trace) of a population of cardiomyocyte at given light exposure duration super-imposed with corresponding rate of oxygen consumption (black trace), given in pico moles per minute, measured in the same cells. The rate oxygen consumption increases with longer light exposure, suggesting that under these conditions, depolarized mitochondria are respiring but are in an uncoupled state. (B) Comparison of rate of oxygen consumption in frequently illuminated cardiomyocytes in the absence (black trace) and presence (red trace) of TMRM. In the absence of TMRM, prolonged laser illumination is innocuous to ∆Ψmito, therefore the rate of respiration remains unchanged. In the presence of TMRM, light-induced ∆Ψmito dissipation uncouples mitochondria thereby driving up oxygen consumption. N=4 experiments, each with about 100 cells. Additional information: Approximately 2500 isolated cardiomyocytes per well were plated in clear plastic 24-well plates. Individual wells were then exposed to different intervals of high-intensity broad spectrum white light. TMRM levels were measured by imaging the cells using confocal microscopy. In another subset of cells, O2 consumption rates were measured using the Seahorse Biosciences XF24 analyzer in the presence of glucose +pyruvate. Panel A shows representative data from a single plate. Data in panel 2B are mean ±SEM of oxygen consumption rates in the presence of glucose+lactate normalized to baseline no substrate oxygen consumption. These details were added to the figure legend. This movie shows time-dependent depolarization of TMRM-loaded mitochondria subject to photon stress. Conditions were similar to those presented in Fig. 2 and Fig. S1 .
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